Introduction
Bacilli secrete proteases with fibrinolytic activities, which can directly degrade fibrin, a major cause of cardiovascular diseases such as acute myocardial infarction and cerebral infarction [22] . In recent years, fibrinolytic enzymes from various sources, including microorganisms, worms, and animals, have been the subject of active researches because of their potential as novel agents preventing or treating cardiovascular diseases by dissolving fibrin in blood vessels [28, 29] . Fibrinolytic enzymes from food-grade microorganisms such as bacilli can be promising alternatives for t-PA or streptokinase. Latter treatments are expensive and suffer from side effects such as bleeding [10] . Nattokinase is the most well-known fibrinolytic enzyme produced by some B. subtilis strains [8] . Products based on nattokinase are currently on the market as an alternative medicine for curing or preventing cardiovascular diseases although the efficacy is being questioned [13, 23] Bacillus amyloliquefaciens CB1 was isolated from cheonggukjang, a Korean fermented soy food. B. amyloliquefaciens CB1 secretes proteases with fibrinolytic activities. A gene homologous to aprE of Bacillus subtilis, aprECB1, was cloned from B. amyloliquefaciens CB1, and DNA sequencing showed that aprECB1 can encode a prepro-type serine protease consisting of 382 amino acids. When aprECB1 was introduced into B. subtilis WB600 using an E. coli-Bacillus shuttle vector, pHY300PLK, transformants showed fibrinolytic activity and produced a 28 kDa protein, the size expected for the mature enzyme. The 28 kDa fibrinolytic enzyme was purified from the culture supernatant of B. subtilis WB600 transformant. AprECB1 was completely inhibited by phenylmethylsulfonyl fluoride and almost completely inhibited by EDTA and EGTA, indicating that it is a serine metalloprotease. AprECB1 exhibited the highest specificity for N-succinyl-Ala-Ala-Pro-Phe-p-nitroanilide, a known substrate for α-chymotrypsin. Aα and Bβ chains of fibrinogen were quickly degraded by AprECB1, but the γ-chain was resistant.
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enzyme responsible for the most fibrinolytic activity is subtilisin, a member of serine proteases [4, 5] . Many bacilli secrete subtilisins, which are quite similar to nattokinase. However, few studies have been done on the differences between subtilisins with strong fibrinolytic activities and subtilisins with weak activities. It is suspected that even a few amino acid replacements might cause significant differences in the fibrinolytic activity [22] . More enzymes should be isolated and compared with other enzymes in terms of fibrinolytic activities. Results from such studies are useful for the improvement of subtilisins with enhanced fibrinolytic activities. In this work, Bacillus amyloliquefaciens CB1, showing very high fibrinolytic activity, was isolated from cheonggukjang. aprECB1, a homolog to aprE, was cloned and overexpressed in B. subtilis WB600 using pHY300PLK, an E. coli-Bacillus shuttle vector. B. subtilis WB600 transformant (TF) secreted a 28 kD a fibrinolyric protein into the culture medium. The recombinant enzyme was purified and its properties were examined.
Materials and Methods

Bacterial Strains and Culture Conditions
B. amyloliquefaciens CB1 was routinely cultured on brain heart infusion (BHI), Luria-Bertani (LB), nutrient broth (NB), or tryptic soy broth (TSB) at 37 o C with vigorous shaking. For the cultivation of cells containing pHY300PLK (4.87 kb, Ap r , Tc r ; Takara, Japan) or pHYCB1 (pHY300PLK with aprECB1), tetracycline (Tc, 10 µg/ml) was included in the growth medium.
Identification of CB1
CB1 was identified by the combined results of API kit (API 50 CH; Biomerieux, France), 16S rRNA, and recA gene sequencing. The 16S rRNA gene was amplified by using the primer pair 27F (5'-CCAGAGTTTGATCGTGGCTCAG-3') and 1488R (5'-CGGT TACCTTGTTACGACTTCACC-3'). The recA gene was amplified by using the primer pair recA-F (5'-TGAGTGATGATCGTCAGG CAGCCTAG-3') and recA-R (5'-CC(or T)TG(or C or T)TGATAA GAA(or G)TACCAA(or T)GA(or C)ACCGC-3'). Total DNA was prepared from cells grown on LB for 12 h. The culture was centrifuged (13,000 ×g, 5 min), and the recovered cells were resuspended in 1 ml of 10 mM Tris-HCl (pH 8.0), 10 mM EDTA, 100 mM NaCl, 2% SDS, and 400 µg/ml proteinase K (Takara). After a 30 min incubation at 55 o C, the mixture was extracted with phenol and chloroform. PCR was conducted using a GeneAmp 2400 PCR machine (PerkinElmer, USA). The reaction mixture (50 µl) consisted of 1 µl of template DNA, 1 µl of each primer (10 µM), 1 µl of dNTPs (0.25 mM), and 0.5 µl of Pfu DNA polymerase (Promega, USA). The PCR conditions were as follows: 94 
Assay of Fibrinolytic Activity
The fibrinolytic activity of culture supernatant or purified enzyme was assayed by using the fibrin plate method as described previously [11, 14] . Plasmin (P1867; Sigma, USA) was spotted on a fibrin plate at different concentrations (1-40 mU) and the plate was incubated for 12 h at 37 o C. The size of the clear zone around the well was measured using a Vernier caliper and a standard curve was obtained. When necessary, culture supernatant was ammonium sulfate precipitated (80% saturation (w/v)) to concentrate the fibrinolytic enzymes. The ammonium sulfate pellet was obtained by centrifugation (12,000 ×g, 30 min at 4 o C) and dissolved in a small volume of buffer A (40 mM Tris-HCl, pH 7.0). The protein concentration was determined by the Bradford method [1] using bovine serum albumin (BSA) as the standard. All measurements were done in triplicates.
Two-Dimensional Gel Electrophoresis
Sample preparation for two-dimensional gel electrophoresis (2DE) was done as described by Cho et al. [3] . Isoelectric focusing (IEF) was carried out using 7 cm linear immobiline IPG gels with a pH range of 3-10 (Bio-Rad, USA). The IPG gel strip was rehydrated overnight in rehydration solution (8 M urea, 50 mM dithiothreitol (w/v), 2% CHAPS, 0.2% Bio-Lyte 3-10 buffer, 0.2% ampholytes, Bio-Rad) containing 5 µg of protein sample. IEF was conducted at 20 o C in a IPGphor isoelectric focusing system (Bio-Rad). The voltage was linearly increased from 250 V for 30 min, 250-4,000 V for 1 h, and the maximum voltage ramping step of up to 20,000 Vh. After the IEF, the strip was equilibrated for 15 min in SDS equilibration solution (50 mM Tris-HCl (pH 6.8), 2% SDS, 30% glycerol, and 0.05% bromophenol blue). The equilibrated strip was loaded onto a 12% SDS-PAGE gel without stacking gel, and then the strip was embedded on top of the gel with 1% agarose. After electrophoresis, the gel was silver stained.
SDS-PAGE was done using Laemmli's method [18] . Fibrin zymography was carried out as previously described [14] . For SDS-PAGE and zymography, 5 and 1 µg of sample were applied onto a separating gel (12% (w/v)), respectively. A gel for fibrin zymography contained fibrinogen (0.12% (w/v)) and 100 µl of thrombin (10 NIH unit/ml).
MALDI-TOF Mass Spectrometric Analysis of Fibrinolytic Enzymes
In-gel digestion of protein spots and MALDI-TOF-MS spectrometric analyses were carried out as described by Lee et al. [19] . Protein bands were excised from a silver-stained gel. Mass spectrometric analyses were performed using a MALDI-TOF-MS Voyager Biospectrometry Workstation (PE Biosystems, USA). The spectra were analyzed with data explorer software (PE Biosystems) and searched against the taxonomy of all entries in the nonredundant NCBI database using the Mascot peptide mass fingerprinting program (http://www.matrixscience.com).
